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© Low-foaming antimicrobial concenirate and "use" composition comprising (a) an antimicrobial agent selected 
from the group consisting of monocarboxylic acids, dicarboxylic acids and mixtures thereof, (b) a solubilizer, (c) 
an acid capable of yielding a pH less than or equal to about 5.0 upon dilution of the concentrate to a use 
soiuiion, and (d) a diluent This composition provides effective storage stability and low-foaming sanitization 
when used in "in-place" processing lines such as dairies, breweries and other food processing facilities. 
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STABLE ANTIMICROBIAL SANITIZING COMPOSITION CONCENTRATES CONTAINING ALKYL AMINE OX- 
IDES 



This invention relates to novel coupling agents which increase the stability of antimicrobial sanitizing 
and cleaning or detergent compositions, and in particular their use in a novel cleaning and sanitizing or 
detergent composition containing n-alky! and/or n-alkenyl succinic acids as an active antimicrobial agent. 

Various chemicals exhibit varying degrees of antimicrobial activity. Among these are short-chain 
5 monocarboxylic acids having less than twenty carbon atoms, quaternary ammonium compounds and 
hexachlorophene compounds. These compounds have been admixed with various surfactants and water to 
yield aqueous sanitizing solutions. 

It has been found that the antimicrobial activity of these compounds can be increased when the 
sanitizer solution is acidified to a pH below about 5. Acid sanitizing solutions of this type are generally 
to employed in food, beverage, brewery and other industries as a ciean-in-p!ace sanitizing solution for 
processing equipment. 

Generally, antimicrobial solutions containing these antimicrobial agents are undesirable for use in food 
equipment cleaning applications. Residual amounts of the acid sanitizing solutions which remain in the 
equipment after cleaning can impart unpleasant tastes and odors to food. The cleaning solutions are difficult 
is to rinse from the cleaned surfaces. Larger amounts of water are required to effectively completely remove 
conventional sanitizing solutions. Those sanitizors containing halogens can be corrosive to metal surfaces of 
food plants. Quaternary ammonium compounds strongly adhere to sanitized surfaces even after copious 
rinsing and may interfere with desired microbial growth during food processing; e.g. fermentation. 

It has, also, been found that the antimicrobial activity of conventional acid sanitizing solutions can be 
20 adversely affected by the hardness of the water used in and with the solution. A marked decrease in 
antimicrobial activity has been noted at water hardness above about 500 ppm. Therefore, In order to assure 
sufficient antimicrobial activity, the hardness of water must be carefully adjusted to maintain the hardness 
below about 500 ppm. 

The acid sanitizing solutions presently available are effective against gram negative and gram positive 
25 bacteria such as E. coli> and Staph, aureus but are not as efficacious on any yeast contamination which 
can be present In many applications control of yeast infestations requires a separate solution than that 
which Is used to eliminate gram negative and gram positive bacteria. Use of two solutions can be costly and 
time consuming. 

Such antimicrobial solutions are, generally, produced by admixture of water and an aqueous con- 
30 cenfraie containing antimicrobial agents, water or other suitable diluents and acids capable of yielding a pH 
below about 5 upon dilutions. As can be appreciated, such antimicrobial concentrate compositions must 
exhibit homogeneity and solution stability during prolonged storage periods; particularly at low tempera- 
tures. To achieve this, solubilizers or coupling agents are added to the concentrate to maintain stability of 
the solution at high acid concentrations at prolonged low temperatures or during repeated freeze/thaw 
35 cycles. 

Such solubilizers are, generally, surfactant hydrotropes capable of solubilizing the antimicrobial agent in 

the acidic concentrate which maintaining it in active form in both the concentrate and in the diluted 

antimicrobial solution suitable for conventional use. Various anionic, zwitterionic and nonionic surfactants or 

mixtures thereof have been previously employed in such solutions. 
40 These solubilizers, when used in antimicrobial compositions, tend to cause undesirable foaming, thus 

requiring the addition of foam suppressants. Additionally, these solubilizers did not provide stability of the 

antimicrobial concentrate compositions over a wide range of storage temperatures. 

Thus, it is desirable to provide a stable antimicrobial concentrate which can provide an antimicrobial 

solution which is equally effective on gram negative and gram positive bacteria and on yeast It is desirable 
45 that the antimicrobial activity of the solution be unaffected by water hardness. It is also desirable mat the 

composition provide a low-foaming antimicrobial use solution. 

In accordance herewith, there Is provided an antimicrobial sanitizing composition concentrate which is 

capable of being diluted with a major amount of a food grade diluent to form an antimicrobial use solution. 

The concentrate composition hereof, generally, comprises: 
so a) an antimicrobial agent selected from the group consisting of a monocarboxylic acid, a dicarboxylic 

acid and mixtures -thereof wherein the monocarboxylic acid has the general formula- 

FT -COOH 

wherein R" is a straight chain or branched, saturated or unsaturated alky] radical having between about 6 
and about 1 2 carbon atoms, and the dicarboxylic acid has the general formula: 

2 
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HO - C - H - C -OH 



wherein R is a saturated or unsaturated hydrocarbon moiety having two carbon atoms; R' is a substituted or 
unsubstituted n-alkyi or n-alkenyl moiety having between about 6 and about 12 carbon atoms; and R* is a 
functional group selected from the group consisting of hydrogen, and alcohols, where R' is substituted, 
suitable substltuents include thiols, methane thiols, amines, methoxy compounds and various aromatic 
compounds; 

b) a solubilizer 

c) an anionic diluent and 

d) an acid capable of yielding a solution pH less than or equal to about 5.0 upon dilution of the 
concentrate to a use solution. 

In accordance with a preferred aspect of the invention, the solubilizer may be an alkyl, N,N-dimethyl 
amine oxide having between about 6 and about 10 carbon atoms in the alkyl portion. 

The present invention, also, provides an antimicrobial "use solution" which is particularly suited for "in 
place" cleaning. The use solution comprises: 

a) between about 10 parts per million (ppm) to about 500 ppm of the defined antimicrobial agent; 

b) at least about 10 ppm of the defined solubilizer; 

c) the anionic diluent; 

d) the acid sufficient to yield a pH less than or equal to 5; and 

e) water. 

The present invention further contemplates a method of using the dilute composition in cleaning "in 
place" systems, such as are found in dairies and breweries. The method hereof involves the circulation of 
the sanitizing solution through the system at ambient temperatures followed by an optional rinse phase with 
potable water. The invention also contemplates use of the sanitizing composition in a detergent composition 
to provide a sanitizing action in association with a detergent cleaning process. 

The type and amount of the above-listed components can be varied so that compositions have the 
effectiveness and characteristics desired. 

For a more complete understanding of the present invention, reference is made to the following detailed 
description and accompanying examples. 

The antimicrobial sanitizing composition of the present invention is predicated on the unexpected 
discovery that certain dicarboxylic acids exhibit enhanced antimicrobial activity, at pH levels at or below 
about 5.0. 

The antimicrobial sanitizing composition of the present invention is further predicated on the discovery 
that certain alkyl derivatives of amine oxides provide enhanced solubilizing action in concentrated acidic 
solutions containing antimicrobial agents such as monocarboxylic acids and dicarboxylic acids, without 
increasing the foaming action of diluted use solutions made therefrom. It has also been found that these 
substituted amine compounds enhance the low-and high-temperature stability of antimicrobial concentrates 
in which they are employed. 

The term "sanitizing" as used herein to indicate reduction of undesirable microorganisms by about five 
orders of magnitude or greater within time periods set forth below. 

The antimicrobial sanitizing composition concentrate of the present invention, as noted, generally, 
comprises: 

a) an antimicrobial agent selected from the group consisting of a monocarboxylic acid, a dicarboxylic 
acid and mixtures thereof, the monocarboxylic acids having the general formula: 
R--COOH 

wherein R" is a straight or branched, saturated or unsaturated alkyl radical having between about 6 and 
about 12 carbon atoms; the dicarboxylic acid having the general formula: 
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wherein Ft is a saturated or unsaturated hydrocarbon moiety having two carbon atoms; R' is selected from 
the group consisting of substituted or unsubstftuted n-alkyt and n-aikenyl radicals having 6 to 12 carbon 
atoms; suitable substituents for R' including thiols, methane thiols, amines, methoxy compounds, aryls and 
mixtures thereof, and R* is selected from the group consisting of hydrogen, or an alcohol; 

b) a soiubilizer 

c} an anionic diluent; and 

d) an acid present in an amount sufficient to yield a use solution having a pH at or below 5.0. 
Trie concentrate, generally, comprises: 

a) from about 0.25 to about 25 percent by weight, of the defined antimicrobial agent, based on the 
total weight of the concentrate; 

b) from about 0.25 to about 20.0 percent, by weight based on the total weight of the concentrate, of 
the defined soiubilizer: 

c) from about 10.0 to about 95.5 percent, by weight, based on the total weight of the concentrate, of 
the diluent and 

d) from about 4.0 to about 50.0 percent, by weight, based on the total weight of the concentrate, of 
the defined acid. 

The concentrate as well as the use solution made therefrom can incorporate other conventional 
antimicrobial agents such as quaternary ammonium compounds etc. Also, various dyes, perfumes, etc. can 
be employed either in the concentrate or the use solution. 

The antimicrobial sanitizing composition of the present invention in its concentrated form can be 
effectively diluted with water or another suitable diluent such as various short-chain alcohols to provide a 
use solution having between about 10 ppm and about 500 ppm of the carboxylic acid antimicrobial agent 
while maintaining the pH at or below 5.0 without compromising the effectiveness of the solution. 

In practicing "the present invention, and as noted hereinabove, the antimicrobial agent may be either a 
mono-or dicarboxyiic acid. Preferably, the dicarboxylic acid is employed. 

The preferred dicarboxylic acids employed in the present invention are those having a four-carbon 
saturated or unsaturated backbone. 

Wrthout being bound to any theory, the unexpected efficacy of the dicarboxylic acid moiety over 
rnonocarboxyiie equivalents appears to be reiated to ihe tower vapor pressures of the dicarboxylic acid 
moieties. The tower vapor pressures aid in keeping the resulting sanfBzer use solution free from undesirable 
organoleptic properties associated with organic acids. Furthermore, it appears that straight-chain un- 
saturafion increases the soiubiifry of ihe materia! in an aqueous environment without adversely affecting 
antimicrobial properties. 

Specifically, the dicarboxyiic acids employed herein are selected from the group consisting of succinic 
acid, maleic acid and fumaric acid, and preferably, succinic acid. The preferred succinic adds employed in 
the present invention are selected from the group consisting of n-octy! succininc acid, n-octenyl succinic 
acid, rt-nonyl succinic acid, n-nonenyi succinic acid, n-decyl succinic acid, n-decenyi succinic acid, n-hexyl 
succinic add, n-hexenyl succinic acid, diisobutenyl succinic add, methyl hepteny! sucdninc add and 
mixtures thereof. 

ft has also been found that admixture of dicarboxylic adds with certain short-chain rnonocarboxyiie 
acids can also be efficacious in antimicrobial compositions of this type. Preferred rnonocarboxyiie acids are 
selected from the group consisting of capric acid, caprylic acid, necdecanoic acid, decanoic acid, octanoic 
acid, 22. dimethyl octanoic add and mixtures thereof. 

ft is to be understood however, and it is also within the purview of this invention to employ 
rnonocarboxyiie adds independently as the antimicrobial agent in admixture with a preferred soiubilizer 
aJkyl N,N-dimethyi amine oxide having between about 6 and about 10 carbon atoms in the alky! portion. 

The soiubilizer employed herein is a surfactant hydrotrope capable of solubiiizing the mono-anoVor 
dicarboxylic add in an addic diluent while maintaining the carboxylic add in soiubilized form in both the 
concentrate and the diluted use solution of the product under use conditions. Various anionic, zwitterionic 
and nonionic surfactants or mixtures thereof can be successfully employed in the present invention. 
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Among the anionic surfactants useful herein are the alky! sulfonates and alkyl aryl sulfonates having 
from about 8 to about 22 carbon atoms in the alkyl portion, as well as the alkali metal salts thereof. 
Commercially important are the linear aikyi sulfonate sodium and potassium salts such as sodium lauryi 
sulfonate, sodium zylene sulfonate and the sodium and potassium alkyl benzene sulfonates such as are 
5 described in U.S. Patent Nos. 2,220,009 and 2,477,383. 

The zwitterionic surfactants contemplated herein are the alkyl imidazolines and aikylamines marketed 
under the trademark MIRAPON by MiranoL 

Among the nonionic surfactants useful in the compositions of this invention are the ethylene oxide 
adducts of primary & to & 2 alcohols sold commercially under the trademark NEODOL by Shell and 
w ethylene oxide/propyiene oxide adducts of ethylene glycol sold commercially under the trademarks 
PLURAFAC and PLURONIC by BASF Corporation. Also useful are various alkylene glycols: specifically 
those containing a to 6 carbon atoms. The preferred nonionic surfactant is the alky! N,N-dimethyl amine 
oxide. 

The alky! N.N-dimethyl amine oxide solubiiizing agent employed herein is a compound capable of 

75 solubiiizing the antimicrobial agent in an acidic diluent while maintaining the agent in active form in both the 
concentrate and the diluted use solution of the product under use conditions. Various alkyl N.N-dimethyl 
amine oxides can be successfully employed in this invention. These compounds have been found to have 
greater solubiiizing ability than conventional solubiiizing agent have been found to be low-foaming when 
used in antimicrobial use solutions such as those of the present invention. Additionally, such compositions 

20 remain clear and stable over a broad range of temperatures from about -1 0 0 F to about 1 20 0 F. 

The alkyl, N.N-dimethyl amine oxide solubiiizing agents useful herein have between 6 and 10 carbon 
atoms in the alkyl portion. Preferably the alkyl component has between 8 and 10 carbon atoms. These 
preferred compounds are, respectively, octamine, N.N-dimethyl-, N-oxide and 1-decacamine, N,N-dimethyl-, 
N-oxide. The particular preferred amine oxide is octanamine, N,N-dimethyl, N-oxide because of its lower 

25 foam characteristics. The amine oxides contemplated for use herein are commercially available from Sherex 
Corporation as a 47.4 percent amine oxide solution soid under the trademark SHEREX EPSC 192-65 and 
EPSC 192-64, respectively. These materials provide antimicrobial sanifeer compositions with low foaming 
action and good broad range temperature stability. Furthermore, the material can be used as a total 
substitute for anionic, nonionic or zwitterionic surfactants previously employed in antimicrobial sanitizers of 

so this type; thus eliminating unpleasant odours associated with the use of such conventional surfactants. 

The anionic diluent employed is, preferably, potable drinking water. However, other compatible diluents 
such as C-1 to C-3 short-chain alcohols, may be employed. 

As noted hereinabove, the antimicrobial sanitizing concentrate of the present invention also contains an 
acid capable of providing a solution pH at or below about 5.0 when the concentrate is diiuted to its use 

35 solution strength. The acid employed must be compatible with the other components of the antimicrobial 
sanitizing solution; i.e., it must not produce instability or cause degradation or deactivation of the surfactant 
or dicarboxylic acid. The acid can be either a weak organic acid such as acetic acid, hydroxyacetic acid, 
citric acid, tartaric acid, maleic acid, fumaric acid or mixtures thereof or an inorganic acid such as 
phosphoric acid, sulfuric acid, sulfamic acid or mixtures there. Preferably, phosphoric acid is employed. 

io The concentrate hereof is, generally, prepared by mixing the components together at ambient con- 
ditions, with heating, if necessary. 

The concentrate hereof, as noted, is capable of forming a use solution when the concentrate is admixed 
with an anionic diluent such as water. The use solution thus formed generally comprises: 

a) from about 10 parts per million (ppm) to about 500 ppm of the defined antimicrobial agent: 

45 b) from about 10 ppm to about 500 ppm of the defined solubilizer; 

c) the anionic diluent originally present in the concentrate; 

d) quantities of the organic or inorganic acid noted above sufficient to yield a use solution pH below 
about 5.0; and 

e) water as the balance of the composition. 

so The antimicrobial sanitizing composition of the present invention may be successfully employed in 
sanitizing and disinfecting fixed-in-place food processing facilities such as those found in dairies, breweries 
and beverage plants. The composition of the present invention exhibits antimicrobial activity at ambient 
temperature. 

To sanitize, the diluted use solution is circulated through the system for an interval sufficient to contact 
55 and kill undesirable microorganisms. This can be anywhere from less than about 30 seconds to about 10 
minutes depending on the type and amount of contamination present. Ordinarily, the contact-time wili be in 
the range of about one minute to about two minutes. After sanitizing, the sanitizing composition is drained 
from the system. 
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In most cleaned-in-place applications, the system can be brought back into service immediately after 
the sanitizing solution is removed. However, the system may be rinsed with potable water or any other 
suitable material after sanitizing. 

it is also appreciated that the sanitizing concentrate may be admixed with a detergent composition to 
impart the additional sanitizing properties of this invention to a detergent when in use. For example, 
detergents are routinely used in European countries to clean various facilities in dairies, breweries and 
beverage plants and thereby avoid the need for a subsequent sanitizing rinse of the facility. It is also 
appreciated that the sanitizing concentrate may be used in other ways such as in track lubricants, teat dips 
and ware washing rinse aids. When the sanitizing concentrate is used In a detergent composition, 
appropriate surfactants are employed which are preferably of the nonionic low foaming type. It is 
understood that such surfactant of the detergent has to be compatible with the sanitizing concentrate so as 
to avoid inducing degradation or separation in the finai product 

For a more complete understanding of the present invention, reference is made to the following 
examples. The examples are to be construed as illustrative and not limitative of the present invention. 



EXAMPLE 1 

Decyl succinic acid was prepared from decyf succinic anhydride by thermal hydrolysis. Two solutions 
of decyl succinic add were prepared. A quantity of 75 percent phosphoric acid was added to one of the 
decyl succinic acid solutions such that the resufting solution contained 1 percent decyl succinic acid and 15 
percent phosphoric add. The remaining decyl succinic add solution contained 1 percent succinic add with 
no additives. 

A one-part sample of the acidified decyl succinic add solution was admixed with 100 parts of water 
having 500 ppm synthetic water hardness present as calcium carbonate to yield a solution containing 100 
ppm decyl sucdnic acid. The resulting sanitizing solution was exposed to challenge bacteria Staphylococ- 
cus aureus ATCC 653S and Escherichia coli ATCC 11 229 to determine antimicrobial effectiveness. The test 
procedure employed was the Germicidal and Detergent Sanitizer Test recommended by the Association of 
Official Analytical Chemists. The test was carried out at 77'F and the results are found in Table 1. 

A SO ppm sample and a 25 ppm sample of the diluted addified decyl succinic acid solution were 
prepared by admixing 0.5 part and 0.25 part samples of addified 1 percent decyl sucdnic acid solutions, 
respectively, with 100 parts water containing 500 ppm hardness present as calcium carbonate (CaCCy. The 
samples were exposed to the challenge bacteria E. coli and Staph, aureus , according to the A.0 AC. test 
procedures outlined above. The results are found in Table I. 

A sample containing 100 ppm of the non-addified decyl succinic acid sample was also prepared using 
water having 500 ppm hardness and was exposed to the challenge baderia. The resulting data is also 
found in Table J. 

As can be seen from the data in Table I, the decyl succinic acid solution exhibited bacteriocidal activity 
under acidic conditions. 
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EXAMPLE If 

The antimicrobial activity of n-octyi, n-octenyt and n-decenyl succinic acids were evaluated according to 
the procedure discussed in Example i using Staph, aureus as the challenge bacteria. The resulting data are 
found in Table IL 

As can be see from the date in Table II, rtoctyl, n-octenyl and n-decenyl succinic acids exhibit 
antimicrobiai activity in the presence of acidic soiutions in concentrations at or above 100 ppm carboxylic 
acid even in water having a hardness of 500 ppm present as calcium carbonate. 
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EXAMPLE III 

An antimicrobial sanitizing composition containing n-ocfenyl succinic acid, sodium xylene sulfonate (a 
surfactant hydrotrope), phosphoric acid and water was tested according to the guidelines discussed in 
Example L The challenge yeast Candida albicans ATCC 14053 was employed. The C. albicans used was 
grown on Saboraud's agar for 25 hours at 30-F on a rotary shaker to ensure a sufficient number of 
-challenge organisms. The resulting data are found in Table III. 

As is shown by the data found in Table III, an antimicrobial acid sanitizing solution containing a succinic 
acid derivative exhibits yeasticidal activity. 
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EXAMPLE IV 

Antimicrobial sanitizing use solutions were prepared. Each solution contained 500 ppm sodium xylene 
sulfonate, 0.T5 percent phosphoric acid and 500 ppm of one of the dicarboxylic acids listed in Table IV. The 
balance of each use solution was water. 

Each solution was tested against challenge . bacteria E. coK and Staph, aureus according to the 
procedure outlined in Example I to determine bacteriocidal activity. The resufts are found in Table IV. 

As is shown by the data found in Table IV, dicarboxylic acid derivatives of various n-alkyl, n-aikenyl or 
branched carbon chain groups show bacteriocidal activities under acidic conditions. 
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EXAMPLE V 

5 

Various antimicrobial sanitizing use solutions were prepared. Each solution contained 0.15 percent 
phosphoric acid and equal parts sodium xylene sulfonate and one of the dicarboxylic acids listed in Table 
V. The balance of each use solution was water. 

The challenge yeast Saccharomyces cerevisiae ATCC 7754 was grown on Saboraud's agar for 48 
io hours at 30°C. Cell suspensions made from this growth were tested against the use solutions listed in Table 
V according to the guidelines discussed in Example I. The results were found in Table V. 

As is shown by the data found in Table V, the dicarboxylic acid derivatives of various n-alkyl and n- 
alkenyl groups show yeasticida! activities under acidic conditions. 

75 

TABLE V 

Evaluation of Yeauticidal Activity 
of Various Succinic Acids Under Acidic Conditions 

Percent Kill 







Saccharonyces c 


erevia iae 






Detected at 2iven 


interval* 


Compound 


PPM 


5 Hin 


10 Min 


25 






n-Octenyl Succinic Acid 


600 


£99.999 


£99.999 




800 


£93.999 


£99.999 


n-Oeceayl Succinic Acid 

30 


300 


£99.999 


^99.999 




600 


£99.939 


£99.999 


n-Octyl Succinic Acid 


300 


<99.99 


£99.99 


35 


600 


£99.999 


£99.999 


Methyl Heptenyl Succinic Acid 


600 


<99.99 


£99.999 




800 


£.99.999 


>99.993 



Each test solution contained an amount of sodium xylene sulfonate equal 
to that of the dicarboxylic acid derivative and 0.15 percent, by weifht, 
of phosphoric scid. 



EXAMPLE Vi 

Five different antimicrobial saniiizer use solution compositions each containing 500 ppm n-octeny! 
so succinic acid, 500 ppm sodium xylene sulfate and sufficient amounts of disodium hydrogen phosphate and 
citric acid to give the five sanitizer compositions a pH of 3.0, 3.4, 3.9, 4.4 and 4.9, respectively. Each 
composition was tested according to the procedure discussed in Example I using Staph, aureus and E. coli 
as the challenge bacteria. 

As shown by the data in Table VI, antimicrobial compositions containing n-octenyl succinic acid are 
efficacious in killing challenge bacteria at pH levels below about 5.0. 
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EXAMPLE VII 

A concentrated antimicrobial solution was prepared according to the present invention. N-octenyl 
succinic add was prepared by the thermal hydrolysis of 1394 grams of n-octenyi succinic anhydride with 
200 grams of water. Seven hundred and ninety-five grams of n-octenyl succinic acid was admixed with 757 
grams of sodium xylene sulfonate and 3652 grams of tap water. The resulting solution was then acidified 
with 425S grams of 75 percent phosphoric acid. The resulting composition is designated Composition A and 
is set forth in Table VII. 

In order to make a use solution from the sanitizing concentrate which contains 200 ppm of n-octenyl 
succinic acid, 0.195 ml of the formulation Composition A {specific gravity 1.24) was admixed with 100 ml of 
water having a synthetic hardness of 500 ppm expressed as calcium carbonate. The resulting solution had 
a pH of 2.54. 

A second composition was made in which the n-octenyl succinic acid was omitted. This composition is 
designated Composition B and is also set forth m Table VIL 

A third composition was made in which an equal amount of n-decenyl succinic acid was substituted for 
the n-octenyl succinic acid. The resulting composition is set forth in Table VII as Composition C. 

A fourth composition was prepared containing linear aikyi benzene sulfonate, phosphoric acid and 
water. The resulting composition is designated as Composition D and is set forth in Table VII. 

The composition A, B and C were diluted with water containing 500 ppm synthetic hardness in the 
amounts shown in Table VIII and DC. These samples were tested according to the method disclosed in 
Example I using the challenge bacteria Staph, aureus and E. coji. The results are presented in Table VHL 
The diluted samples in compositions A B and C were tested according to the procedure outlined in 
Example VI using the challenge yeasts Candida albicans and Saccharomyces cerevisiae . The results are 
found in Table IV. — 

Diluted sanitizer concentrates containing dicarboxyiic acids and prepared according to the present 
invention are more effective against Staph, aureus and E. coli than those solutions in which the dicarboxyiic 
acid is omitted as is indicated by the data in Table VIII. 

As shown from the data in Table IX diluted sanitizer concentrates containing dicarboxyiic acids exhibit 
yeasticidal activity far greater than those mat do not contain dicarboxyiic acids. 



TABLE VII 



Coapound 



Amount 
U by Weights 



COMPOSITIOK A: 



n-Octenyl Succinic Acid 
Sodium Xylene Sulfonate 
75* Phosphoric Acid 
Tap Hater 



B. 

8. 
46. 
33. 



0 
0 
0 

o 



COMPOSITION B : 



Sodium Xylene Sulfonate 
75X Pho«phoric Acid 
Tap Water 



45 

47, 



0 
0 
0 



COMPOSITIOK C: 



n-Decenyl Succinic Acid 
Sodiua Xylene Sulfonate 
76* Phosphoric Acid 
Tap Water 



8, 
8, 

45. 

39. 



0 
0 
0 
0 



COMPOSITION D; 



Linear Alkyl Benzene Sulfonate 
75X Phosphoric Acid 
Tap Water 



2.5 
20.0 
77.5 
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EXAMPLE VIII 

The foaming properties of compositions prepared according to the p 
Compositions A, C and D listed in Tabls VII were compared Use solutk 

i. The &w 



3 evaluated, 
ions A, C and D 
500 ppm synthetic 
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Five Hundred milliliter samples of each of trie diluted Compositions A, C and D were each placed in a 
transparent cylinder. Each solution was circulated at a rate of 2 liters per minute for three minutes at 25 D C 
and was allowed to fall back into the cylinder on a baffle to generate foam. After three minutes, the 
circulation was stopped and the foam height recorded. The results are presented in Table X. 

It was found that Composition A showed minimal foaming activity even when treated at a concentration 
four times above the conventional use levels of 200 ppm. However, Composition C which contained a 
different dicarboxylic acid showed high levels of foam comparable to Composition D, a known high-foaming 
composition. Thus, the microbial sanitizing compositions of the present invention can be either high-foaming 
or low-foaming depending on the choice of dicarboxylic acid. 



TABLE X 

Fofinf Ability of Coaposition a A. B and C 



Dilution 



Foan Haijht <c») 
After 

Given Intervals 
IS sec 30 aec 



Conposition A . 1S5 
(fro« Table VII) 



Conpoaition C 
(fros Table VII) 



0.0 

0.0 
1.5 
46.0 

41.0 



0.0 
i.O 



a. Contains 200 ppm linear alkyl benzene *ulfonate rethei 
than dicarboxylic acid. 



EXAMPLE IX 



Minimum inhibitory concentrations (mic) of n-alkenyl succinic acid derivatives effective against gram 
positive microorganisms were determined using differing concentrations of n-octenyl succinic acid and n- 
decenyl succinic acid in 10 ml of nutrient broth for tests against Staph, aureus and Saboraud's broth for 
tests against Saccharomyces cerevisiae . These concentrations of succinic acid derivatives were inoculated 
with 0.1 ml of a 1 to 100 dilution of the challenge cultures. The challenged concentrations were incubated 
for 24 hours at 37"C in the case of Staph, aureus and 30°C in the case of Saccharomyces cerevisiae . 
Presence or absence of growth was recorded. 

The results collected in Table XI indicate that n-octenyl succinic acid has a minimum inhibitory 
concentration of 1000 ppm against Staph, aureus . N-decenyi succinic acid showed a minimum inhibitory 
concentration of 1000 against Staph, aureus and 500 ppm against Saccharomyces cerevisiae . 
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EXAMPLE X 



In order to determine the effectiveness and stability of antimicrobiai concentrate compositions contain- 
ing conventional solubifizer-coupiing agents, two compositions were paired, the formulae of which are set 
forth in Table XII and designated as Compositions E and F. 

Use solutions made from Compositions E and F were prepared in which the ratio of concentrate 
composition was 1 oz. concentrate to 4 gallons water and 1 oz. concentrate to 6 gallons water, respectively. 
Both use solutions exhibited antimicrobial activity. 

A sample of Composition E, the 4x sample, was then tested at a variety of temperatures to determine 
its low-temperature stability. The composition became unhomogenous at 40°F. Because of this, the more 
concentrated composition, Composition F, was not tested. 
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A sample of Composition E was aiso frozen to determine the effects of a freeze/thaw cycle on this 
material. The material was unstable during freeze/thaw. Because of this, the more concentrated sample was 
not tested. 

As can be observed from these test, antimicrobial concentrates containing sodium xylene sulfonates 
5 have certain instability problems which can hamper their general usefulness. 



Composition E Conposition F 

Material, (»t. X) fwt. X) 

OSAi 8 9,1 

SXS, 95X* 8 15.0 

Phosphoric Acid, 75* 45 40.0 

Water 39 27.8 

C-8, C-10 fatty acid - 8.0 



1 octanyl auccinic acid 
2 j odium xylene sulfonate 



EXAMPLE XI 

A variety of antimicrobial concentrate compositions were prepared employing n-octeny! succinic acid in 
combination with either sodium xylene sulfonate, sodium 1-cctane sulfonate or octanamine, N,N-dimethyl-N- 
oxlds (OD!) as the solubllizer coupling agent. The amounts oi solublllzer-coupling agent listed in Table Xlli 
are the minimum amounts necessary to obtain stable concentrates at room temperature. Each sample was, 
then, checked for stability by storing at 120"F, 40°F and -10°F. As can be seen from the results set forth in 
Table XIII, stability was achieved with lower levels of ODI. Additionally, the samples containing ODI were the 
only samples stable over these temperature ranges. 

Foam levels at use concentrations of 0.2 percent were compared using two foam tests, the results of 
which are summarized in Table XIII. In the first foam test 100 m! of each 02. percent use solution were 
placed in a 250 ml. of graduated cylinder. The cylinder was then inverted 10 times. Foam levels were 
measured immediately after the inversions and again after a 30 second interval had elapsed. The foam 
heights are recorded in Table XIII. As can be seen from the data collected therein, ODI exhibited the lowest 
foaming characteristics. 

Foam resufts were also compared with the dynamic foam tester. In this method a small pump having a 
capacity of 2,600 ml/min. is used to pump solution out of a plastic chamber having a three-inch diameter, 
through a one-quarter inch orifice and back into the three-inch diameter chamber. Foam height is measured 
after 30 seconds of circulation. The results are shown in Table XIII. As can be seen from this data. ODI 
exhibited foaming tendencies equal to those with sodium xylene sulfonate. It was also established that OP! 
did not detract from the antimicrobial properties of the selected antimicrobial agents. 
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COMPARISON OF STABILITY AND FOAHINQ 
CHARACTERISTICS OF VARIOUS ANTIMICROBIAL COMPOSITIONS 

G H I J K L 

Concentrate Formulation wt* wt* wtv wtx wtX wtX 

Sanitizing Atfent: 
n-octenyl succinic acid 9.0 9.0 9.0 9.0 9.0 9.0 
capric-caprylic acid 2.0 2.0 2,0 

Solubilizer-Couplintf Agent: 
aodiua- xylene 

sulfonate (40*) 25.0 30.0 

■odiun 1-octana 

■ulfonato (40*) 36.0 38.0 

octanaMine, N,H,~ 

dixethyl N-oxide 

(47*) CODI) 18.0 17.0 



25 


Phosphoric Acid (75*) 


55.0 


55.0 


55.0 


50.0 


50,0 


60.0 




Water 


11.0 




18.0 


9.0 




22.0 


30 


Stability: at BT 




C* 




Ci 


C» 


Ci 




I20«F 


St 2 


St* 


St* 


St* 


St* 


St* 




40° F 


St 


Sep 


St 


St 


Sep 


St 




-10* t 4 _. 


Sep 


Sep 


St 


St 


Sap 


St 


35 


Fobm Shake Teat (0.2*) 


30cc 


60cc 


5cc 


20cc 


SCcc 


ICcc 




After 30 aaconda 


0 


30cc 


- 0 


0 


20cc 


0 




Fobm Pu*p Teat (0.2*) 














40 


After 30 aecond* 


2in 


12in 


3in 


2 in 


12in 


2in 



C = Clear 
« St = Stable 

EXAMPLE Xil 

Another series of concentrate formulae were prepared to prove the merits of ODi. Antimicrobial 
50 concentrates containing admixtures of n-octenyl succinic acid and Gr&o monocarboxylic acids were 
prepared using the soiubilizer-coupiing agents discussed in Example X. Three formulae were prepared 
which ali had an additional 2 percent Emery 6358 (a 40 percent capric - 60 percent caprylic food grade 
fatty acid biend). The minimum amounts of soiubilizer-coupiing agent necessary to obtain clear stable 
concentrate at room temperature. As is demonstrated by this data, significantly less ODI was required to 
55 obtain a stable concentrate. 

As in Example X, each sample was stored at t20°F, 40*F and -10°F. Stability at these temperatures 
again showed the excellent stabilizing power of ODi. 
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Foam levels were compared using the methods outlined in Example X. The results are shown in Table 
XIII. As can be seen from these results, ODI causes less foaming than the sulfonate solubillzers. 

It is to be appreciated from the preceding that there has been described herein a sanitizer concentrate 
and use solution which is efficacious in killing off both gram negative and gram positive bacteria as well as 
yeasts. 



Claims 

1. - An antimicrobial concentrate capable of being diluted to form an antimicrobial use solution, the 
concentrate being characterized in: 

a) an antimicrobial agent selected from the group consisting of a monocarboxylic acid, a tricarboxylic 
acid and mixtures thereof, the monocarboxylic acid having the general formula: 

R--COOH 

wherein R" is a straight or branched, saturated or unsaturated alkyl moiety having between about 6 and 
about 12 carbon atoms, the dicarboxyiic acid having the genera! formula: 

0 R' O 

II I I 

HO-C-R-C-OH 
I 

R" 

wherein R is a saturated or unsaturated hydrocarbon moiety having 2 carbon atoms; R' is a substituted or 
unsubstituted n-alkyi or n-alkenyl moiety having about 6 to about 12 carbon atoms; and R* is a functional 
group selected from the group consisting of hydrogen, or an alcohol; 

b) a solubilizer; 

c) a diluent; and 

d) an acid capable of yielding a solution pH less than or equal to about 5.0 upon dilution of the 
concentrate to a use solution. 

2. The antimicrobial concentrate according to claim 1 characterized in that said concentrate comprises: 

a) from about 0.25 to about 25.0 percent by weight of the antimicrobial agent, based on the total 
weight of the concentrate; 

b) from about 0.25 to about 40 percent by weight of the solubilizer based on the total weight of the 
concentrate; 

c) from about 10.0 to about 95.5 percent by weight of the anionic diluent based on the total weight of 
the concentrate; and 

d) from about 4.0 to about 50.0 percent by weight of the acid, based on the tots! weight of the 
concenfrate. 

3. The concentrate composition according to claim 1 or 2 characterized in that R' is a linear 
hydrocarbon. 

4. The concentrate composition according to claim 1, 2 or 3 characterized in that R' has between about 
8 and about 10 carbon atoms. 

5. The concentrate composition according to claim 1 characterized in that R' is a substituted moiety, the 
substltuerrt being selected -from the group consisting of thiol groups, methane thiol groups, amine groups, 
methoxy groups, aryl groups and mixtures thereof. 

6. The concentrate composition according to any one of the preceding claims, characterized in that the 
dicarboxyiic acid is selected from the group consisting of n-cotyl succinic acid, n-octeny! succinic acid, n- 
nonyl succinic acid, n-nonenyl succinic acid, n-decyl succinic acid, n-decenyl succinic acid, n-hexyi 
succinic acid, n-hexeny! succinic acid, diisobutenyl succinic acid, methyl hepteny! succinic acid and 
mixtures thereof. 

7. The concentrate composition according to any one of claims 1 through 5 characterized in that the 
antimicrobial agent is selected from the group consisting of succinic acid, maleic acid and fumaric acid and 
mixutes thereof. 
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8. The concentrate according to any one of the preceding claims characterized in that the acid is a 
weak organic acid selected from the group consisting of acetic acid, hydroxyacetic acid, citric acid, tartaric 
acid, maieic acid, fumaric acid and mixtures thereof. 

9. The concentrate composition according to any one of claims 1 through 7 characterized in that Hie 
s add is an inorganic acid selected from the group consisting of phosphoric acid, sulfuric acid, sulfamic acid 

and mixtures thereof. 

10. The concentrate composition according to any one of cialms 1 through 7 characterized in that the 
acid is a mixture of an inorganic acid and an organic acid, the inorganic acid selected from the group 
consisting of phosphoric acid, sulfuric acid, sulfamic acid and mixtures thereof, the organic acid selected 

10 from the group consisting of acetic add, hydroxyacetic add, citric acid, tartaric add, maieic acid, fumaric 
acid and mixtures thereof. 

11. The concentrate composition according to any one of claims 1 through 5 characterized in that the 
antimicrobial agent is a monocarfaoxylic add selected from the group consisting of capric acid, caprylic 
acid, octanoic acid, decanoic acid, neodecanoic acid, 2,2-dimethyI octanoic add and mixtures thereof. 

is 12. The concentrate composition according to any one of claims 1 through 5 charaderized in that the 
antimicrobial agent is monocarboxylic acid mixture of mono-and dicarboxylic add, the monocarboxyiic acid 
. being present in a ratio relative to the dicarboxylic acid of between about 1 :t to about 1 :20. 

13. The concentrate composition according to any one of the preceding claims charaderized in that the 
solubilizer is a surfactarrt-hydrotrope seleded from the group consisting of anionic surfadants, nonionic 

M surfactants, zwitterionic surfactants or mixtures thereof. 

14. The concentrate composition according to claim 13, charaderized in that the anionic surfadant is 
selected from the group consisting of alkyi sulfonates and alky! aryl sulfonates having about 8 to about 22 
carbon atoms in the alkyi portion, alkali metal salts or mixtures thereof. 

15. The concentrate composition according to claim 13 charaderized in that the zwitterionic surfactant 
25 is seleded from the group consisting of alkyi imidazolines, alkyi amines or mixtures thereof. 

18. The concentrate composffion according to claim 13 charaderized in that the nonionic surfadant is 
selected from the group consisting of ethylene oxide adducis of Ct to Ca alcohols, ethylene oxide/propylene 
oxide adducts of ethylene glycol, aikylene glycols or mixtures thereof. 

17. The concentrate composition according to claim 13 characterized in that said surfactant is an alkyi 
so N.N-dimethyl amine oxide having between about 6 and about 10 carbon atoms in the alkyi portion, said 

surfactant being a solubilizer-coupiing agent. 

18. The concentrate composition according to claim 17 charaderized in that said surfactant has an alkyi 
component with about 8 to about 1 0 carbon atoms. 

19. The concentrate composition according to dafm 18 characterized in that said surfadant is octamine 
35 N,N-dimethyl-N-Qxide and 1-decanamine N.N-dimethyl-N-oxide. 

20. The concentrate composition according to ciaim 17 charaderized in that the solubilizer is octamine, 
N,N-dimethy!-N-oxide. 

21 . The concentrate composition according to any one of the preceding claims characterized in that the 
diluent is an anionic material selected from the group consisting of short-chain alcohols and water. 

40 22. A tow-foaming aqueous, antimicrobial use solution composition charaderized in that said con- 
centrate according to any one of the preceding claims is diluted in water to provide: 

a) between about 10 and about 500 ppm of said selected antimicrobial agent 

b) between about 10 ppm and about 500 ppm of said solubilizer, and 

c) sufficient of said acid to yield a pH below about 5.0. 

45 23. la an antimicrobial concentrate capable tit being diluted to form an antimicrobial use solution, the 
concentrate inducting: 

a} an antimicrobial agent consisting of an organic add having sanitizing properties at a solution pH less than 
or equal to about 5.0: 
b) a diluent 

so c) an add capable of yielding a solution pH less man or equal to about 5.0 upon dilution of said concentrate 
to a use solution; 

said concentrate being characterized by a solubilizer-coupiing agent, N,N-dimethyl amine oxide, having 
between about 6 to about 1 0 carbon atoms in the alkyi portion thereof. 
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